Abstract Giant cell tumor (GCT) is a generally benign bone tumor accounting for approximately 5 % of all primary bone neoplasms. Cystic components in GCTs that indicate secondary aneurysmal bone cysts (ABCs) are reported in 14 % of GCTs. Although both of them have been described separately in previous reports that may show considerable fluorodeoxyglucose (FDG) uptake despite their benign nature, the findings of GCT with secondary ABC on 18 F-FDG positron emission tomography/ computed tomography (PET/CT) have not been wellknown. We report a case of GCT with secondary ABC in a 26-year-old woman.
Introduction
Giant cell tumor (GCT) usually is a benign bone tumor, comprising approximately 18-23 % of benign bone neoplasm [1] . The benign tumors tend to occur in the meta-epiphyseal region of the long bones with extension to subchondral bones [1, 2] . The stroma of most GCTs contain numerous thinwalled vascular channels, often with areas of hemorrhage, and are presumed to be associated with secondary aneurysmal bone cyst (ABC) formation [1, 3] . Cystic components that indicate secondary ABCs are reported in 14 % of GCTs [1] .
Here we report the imaging findings for a patient with GCT with ABC determined by radiographs, magnetic resonance imaging (MRI), 99m Tc bone scintigraphy, and [F-18]-fluorodeoxyglucose ( 1 8 F-FDG) positron emission tomography/computed tomography (PET/CT). To the best of our knowledge, there has been no report of a 18 F-FDG PET/ CT finding of GCT with ABC.
Case Report
A 26-year-old woman presented with persistent left-hip pain for 4 months. There was no history of prior trauma to that hip. On physical examination, there was moderate tenderness in the swollen left hip. Radiograph of the hip showed a heterogeneously lucent, expansile bone tumor in the left proximal femur (Fig. 1) . Subsequent MRI revealed a 4.2 × 3.6 × 10.1-cm mass with low signal intensity on T1-weighted images and multi-chambered high signal intensity on T2-weighted images (Fig. 2) . Giant cell tumor or cavernous hemangioma was suggested from the radiographic findings. Tc HDP bone scintigraphy and 18 F-FDG PET/CT were performed to exclude malignant bone tumors such as chondrosarcoma. Bone scintigraphy showed unevenly increased uptake, especially in the medial margins of the mass (Fig. 3a) . 18 F-FDG PET/CT revealed a hypermetabolic lesion in the left proximal femur with the maximum standardized uptake value (SUVmax) of 4.7; SUVmax of the peripheral portion of the tumor was 2.6.
There was no other hypermetabolic lesion considering either primary malignancy or metastasis (Fig. 3b) . The patient underwent an open bone biopsy to confirm the diagnosis. Histopathologic examination presented the characteristic findings of a GCT with secondary ABC. Microscopically, the solid components showed evenly distributed multinucleated osteoclast-like giant cells and intervening proliferating mononuclear cells, consistent with GCT (Fig. 4a) . Large bloodfilled cystic cavities were lined with a cell-rich membrane composed of mononuclear cells and scattered giant cells (Fig. 4b) . Surgery was performed for tumor removal, as well as to correct the pathologic fracture. Curettage and reconstruction with tumor prosthesis was performed. The microscopic evaluation of the removed mass was consistent with GCT with secondary ABC.
Discussion
GCT is a common primary bone tumor that occurs predominantly in the meta-epiphyseal regions of long bones, typically in the distal femur and the proximal tibia (50-65 %) [2] . GCTs in bone usually occur after skeletal maturity; peak incidence is between 20-40 years of age. The sex distribution shows a slight predominance in females (1.3:1 = female:male) [1] . Histopathologically, GCT shows uniformly scattered multinucleated giant cells that resemble osteoclasts in a background of mononuclear cells. Giant and mononuclear cells show similar nuclear features; they are both round, oval, or polygonal in shape and may resemble normal histiocytes [4] . Radiographically, GCTs typically present as eccentrically located, lucent lesions that lack matrix mineralization. Cortical thinning, cortical penetration (33-50 %), periosteal reaction (10-30 %), and pathologic fracture (11-37 %) may be present [1, 5] . In bone scintigraphy, most GCTs and ABCs reveal increased uptake, especially around the periphery, with a central photopenic region (doughnut sign). Blood pool imaging also shows increased uptake, although usually to a lesser degree than in delayed imaging. Increased radiotracer uptake in adjacent bones and joints is common (62 % of cases) because of increased blood flow and disuse osteoporosis [6, 7] . In this case, bone scintigraphy showed increased uptake in the medial margins compared with the central portion of the tumor. This was an atypical imaging feature for either GCT or ABC, and the mixture of ABC components in the GCT may have contributed to this nonspecific feature.
An ABC is a benign expansile, non-neoplastic, tumor-like lesion with a distinct bony shell and osseous septation. Lichtenstein [8] described ABCs as reactive lesions rather than true neoplasms and stated that vascular disturbances in bone lead to increased intraosseous pressure, causing destruction and expansion of bone. Primary ABCs account for 1.4 % of all primary bone tumors. Thirty to fifty percent of ABCs occur secondary to primary tumors, such as GCT, chondroblastoma, chondromyxoid fibroma, fibrous dysplasia, and osteosarcoma; GCT is the most common [9] . Histologically, ABCs have a biphasic pattern with cystic (95 %) and solid (5 %) areas. The cystic areas typically show cavernomatous spaces filled with unclotted blood among bony trabeculae and are separated by fibrous septa composed of abundant fibroblasts, spindle-shaped stromal cells, osteoclast-type giant cells, and reactive woven bone. The solid areas consist of spindle-shaped stromal cells, proliferating blood vessels, mononuclear cells, and some interspersed multinucleated giant cells [10, 11] . ABCs and GCTs share some histologic features, such as multinucleated giant cells and stromal cells; however, ABCs often reveal clusters of giant cells (not evenly distributed), strands of bone, stromal hemorrhage, and calcifying matrix.
ABC components frequently reveal fluid-fluid levels. They may show variable signal intensity on T1-weighted MR imaging and markedly increased signal intensity on T2-weighted MRI [1, 12] . The solid components of GCTs show low to intermediate signal intensity on T1-weighted images and heterogeneous high signals in areas of low signal intensity (variable) on T2-weighted images because of either hemosiderin or fibrosis [1, 13] . The solid regions of GCTs show diffuse enhancement after intravenous gadolinium infusion, reflecting the hypervascular tissue seen on pathologic analysis, and this finding helps to differentiate GCT regions from ABC regions [1] .
A review of the literature suggests that giant cellcontaining lesions such as GCTs and ABCs may show high uptake on 18 F-FDG PET/CT study [14, 15] . The average SUVmax of GCTs has been reported to be 8.8 [16] (range 4.6-11.2) [14] [15] [16] [17] . Folpe et al. [17] suggested that elevated SUV is correlated with high cellularity and proliferative activity in GCTs. Hoshi et al. [16] found that hexokinase-2, a key enzyme in the glycolytic pathway in tumor cells, was strongly expressed in the cytoplasm of giant and spindle GCT cells and contributed significantly to FDG accumulation. Although ABCs also contain giant cells and fibroblasts, which are known to show a relatively high accumulation of FDG [18] , the reported SUVmax on 18 F-FDG PET/CT has been found to be lower than that for GCTs (average, 3.0; range, 1.1-5.9) [19, 20] . We suggest that the low cellularity of ABCs may be one contributor to decreased SUV [21] . In this case, FDG uptake in the solid portion of the lesion (SUVmax = 4.7) was higher than that in the cystic portion (SUVmax = 2.6) (Fig. 5) , and the distribution of ABC components in the GCT appeared to be the cause of this heterogeneous metabolic pattern.
We believe that this report is the first to describe the appearance of a GCT with ABC on 
